The synaptonemal complex (SC) is involved in the pairing of chromosomes during meiosis. We found that antibodies raised against a protein component (PI) of the mouse synaptonemal complex, mouse SCP1, also identified the SC in human primary spermatocytes. Biopsies from 18 men presented with infertility were evaluated by light-field microscopy and grouped into five categories: normal spermatogenesis, Sertoli cell-only syndrome, meiotic disturbances, spermiogenic (i.e. differentiation) disturbances, and other combined disturbances. In all the normal subjects the SCP1 antibody distinctly stained the synaptonemal complexes of primary spermatocytes, whereas Sertoli cells, spermatogonia or spermatids were never stained. In three of the groups, which had germ cells but showed spermatogenic disturbances, the staining was similar to that seen in normal subjects. In sharp contrast to this, in sections from men with Sertoli cell-only syndrome no specific staining was seen. This study demonstrates that a SCPl-related protein is also conserved in the synaptonemal complex in meiotic cells from man. Further studies will reveal to what extent the absence or the non-functionality of SCP1 contributes to male infertility.
Introduction
During recent years the possibility of overcoming male infertility have increased with new methods of assisted fertilization. The basis for male infertility, however, is not known in most cases. To understand more about the disease processes leading to infertility, it will be important to study the basic steps of the male reproductive process. In order to understand the precise aetiology of spermatogenic defects that cause male infertility, one needs to understand the genetic mechanisms that regulate germ cell proliferation and differentiation (Mak and Jarvi, 1996) . One approach to an understanding of the spermatogenic process is to isolate differentially expressed testis-specific cDNA (Hoog, 1995) or to analyse chromosomal abnormalities, e.g. microdeletions on the Y chromosome (Pryor et al, 1997) . Investigations of testes from men with spermatogenic defects may give direct leads to the functional role of specific compounds and lead to aetiological explanations of different phenotypic expression of genetic disorders. An interesting example is the reported association between centrosome function and infertility (Simerly et al, 1995; Navara et al, 1996; Hewitson et al, 1996) .
Meiosis includes pairing of homologous chromosomes which is regulated by a proteinaceous structure, the highly conserved synaptonemal complex (SC), that is almost universally conserved in eukaryotic organisms (von Wettstein et al, 1984; Loidl, 1994) . Formation of the SC begins during the leptotene stage of the meiotic prophase when an axial element appears along each chromosome. At this point the chromosomes consist of two newly replicated sister chromatids. During zygotene, transversal filaments can be seen joining the axial elements of each pair of homologous chromosomes, and a central element is formed between the two axial elements (once pairing has been initiated, the axial elements are called lateral elements). The pairing process culminates at pachytene when the two homologues have become connected by a tripartite SC structure along their entire length (von Wettstein et al., 1984; Loidl, 1994) . The exact function(s) of the components of the SC is not known, but based on cytological, genetic and molecular data it has been suggested that the function of the SC is to hold the chromosomes together, to promote crossing-over events and to ensure chromosome segregation (Roeder, 1995; Heyting, 1996) . One protein component of the SC, SCP1, has been studied in detail and shown to be a major constituent of the transversal filament of the SC (Meuwissen et al., 1992; Dobson et al, 1994; Liu et al, 1996; Schmekel et al. 1996) . The primary protein sequence of the SCP1 protein has revealed a central coiled-coil domain surrounded by non-helical N-and C-terminal domains. A human SCP1 cDNA was recently isolated, sequenced and compared to the corresponding cDNA sequences in other mammalian organisms (Meuwissen et al, 1997) . It was shown that the human SCP1 cDNA sequence was 75, 74 and 76% identical at the amino acid level to the mice, hamster and the rat SCP1 homologues, respectively. These results, together with the results of immunoelectron microscopy experiments, suggest that the SCP1 protein is a structural protein directly involved in the zippering process that brings the two homologous chromosomes together during meiosis (Liu et al, 1995; Schmekel et al, 1996; Yuan et al, 1996) . Most of the characterization of SC and SCP1 has been performed in mouse and rat. In order to find out if a similar SCP1 structure also is present in human we have studied the binding of SCP1 mouse antibodies in slices of normal human testicular tissues as well as in biopsies from men with a variety of spermatogenic disorders.
Material and methods

Testicular biopsies
Testicular biopsies were taken by open surgery from 18 men explored for infertility. After incision of tunica albuginea, protruding testicular tissue was cut with a pair of iris-scissors. One biopsy was immediately transferred to 4% formaldehyde in phosphate buffer, pH 7 for histological evaluation and one biopsy was transferred to cryo-tubes and frozen at -70°C for immunohistochemistry.
Evaluation of spermatogenesis
Fixed biopsies were embedded in methylacrylate resin. Sections were stained with the Giemsa technique and spermatogenesis was evaluated in light-field microscopy (X60 under oil). There are several descriptive and semi-quantitative methods to measure what can be observed in a testicular biopsy, many aiming to predict fertility. Here we try to classify disturbances from a physiological point of view with the aim to obtain groups of men in whom we can look for similar types of genetic deletions. Physiologically, four different steps in spermatogenesis can be identified: (i) the mitotic renewal of stem cells, (ii) the mitotic proliferation of spermatogonia resulting in the clone of primary spermatocytes (i.e. spermatocytogenesis), (iii) the two meiotic cell divisions resulting in unique genomes, and (iv) the differentiation into specialized spermatozoa (i.e. spermatogenesis). This evaluation was the basis for grouping the 18 men into five categories: (A) normal spermatogenesis (i.e. all steps of spermatogenesis could be identified); (B) Sertoli cell-only syndrome (i.e. total absence of spermatogonia); (C) meiotic disturbances (i.e. arrest at the primary spermatocyte level, no round spermatids observed); (D) spermiogenic disturbances (i.e. normal number of round spermatids present but arrest at round spermatid level, no elongated spermatids present); and (E) other mixed meiotic and differentiation disturbances (i.e. those that could not be grouped into C and D, normal number of primary spermatocytes but reduced number of round spermatids and further reduced number of elongated spermatids).
Preparation of the primary SCP1 antibody
The preparation and characterization of the primary rabbit anti-SCPl antibody has been described elsewhere (Liu et al, 1996) . Briefly, the antibodies were raised against amino acids 53-128 in the mouse SCP1 protein. This truncated protein was fused to a His-tag, expressed in bacteria, purified on a Ni 2+ chelate affinity column and injected into rabbits. The polyclonal SCP1 antibody was affinity-purified prior to use (Sambrook et al, 1989) . The SCP1 antibody, but not the preimmune serum, reacts with the SCP1 protein in Western blots and in immunofluorescence experiments, as previously shown (Liu et al, 1996) . Furthermore, the SCP1 antibody also specifically detects the SCP1 protein expressed either in cell culture or in vitro (Yuan et al, 1996 and unpublished 
information).
Immunofluorescence microscopy Biopsies stored at -70°C were transferred to a cryotome (Cryocut Reichert-Jung 18.00) and sectioned (7 urn) at-25°C. Each section was attached to an immunofluorescent slide (Kebo) and fixed for 10 min with acetone. The sections were air-dried, covered with Parafilm and stored at 25°C until use. Slides with sections were transferred to a moisture chamber and to each section 75 ul of a 'blocking' solution containing 3% bovine serum albumin (BSA) in phosphate-buffered saline (PBS) was added. After 30 min the blocking solution was decanted and 75 ul of the primary antibody (rabbit anti-mouse SCP1) diluted 1:10-1:100 in 3% PBS was added. Incubation was run at room temperature for 12 h. The sections were then rinsed three times in PBS for 5 min. The secondary antibodies were fluorescein isothiocyanateconjugated swine anti-rabbit IgG (DAKO A/S, No. F0205), and 75 ul of this diluted 1: 50 in 3% BSA in PBS was added to each section. Incubation was run in darkness for 45-60 min in a moisture chamber at room temperature. The sections were then rinsed three times in PBS for 5 min. The slides were mounted using a mounting medium made by dissolving 0.5 g diazabicyclo-octane (Sigma No D-2522) in a mixture of 0.5 ml PBS and 4.5 ml glycerol and the solution was made pH 8.5-8.9. The same sections were also counterstained with Hoechst 33258 to label the nuclei of the cells.
The slides were evaluated in a Zeiss fluorescence microscope and photographed with Kodak T-MAX 400 film. Slides were evaluated by two independent researchers and were classified as positive or negative. As controls, incubations were performed without primary antibody. Mouse pachytene spermatocytes were isolated and fixed for immunofluorescence microscopy as described before (Liu et al., 1996) .
Results
Evaluation of spermatogenesis
The evaluation of testicular morphology and assessment of the 18 biopsies categorized them as three with normal Figure 2 . Labelling of human testicular testis sections characterized as: (A) normal spermatogenesis, (C) Sertoli cell-only syndrome, (E) meiotic disturbances, (G) spermiogenic (i.e. differentiation) disturbances, and (I) other, combined disturbances. The human testis sections were stained with a rabbit anti-mouse symaptonemal complex protein 1 antibody and a fluorescein isothiocyanate-conjugated swineanti-rabbit IgG secondary antibody and analysed by indirect immunofluorescence microscopy. The same sections were also counterstained with Hoechst 33258 to label the nuclei of the cells (B, D, F, H, J). The cells were visualized at a magnification of X400 under the microscope. Individual labelled cells in A, E, G and I were magnified further and their pictures inserted at the lower right part of each figure. In a tubular cross-section, each germ cell type occupies a defined position within the tubule, i.e. spermatogonial cells and Sertoli cells are located close to the basal lamina of the tubule, whereas spermatocytes are found at the next layer closer to the centre of the tubule. Spermatids and spermatozoa occupy the region of the tubule closest to the centre. Scale bar = 5 | Ltm (applies to all panels). spermatogenesis, four with Sertoli cell-only syndrome, three with meiotic disturbances, four with spermiogenetic (i.e. differentiation) disturbances and four with other, mixed pathology.
Immunocytochemistry
The ability of the anti-rodent SCPl antibody to stain the SC in meiotic cells in mice and man was initially analysed. We found that the SCPl antibody strongly stained the meiotic SC structure in both organisms (Figure 1 ). This shows that the SCPl protein is conserved and that it is part of the SC also in man. The SCPl antibody was therefore used as a marker to analyse the spermatogenic differentiation process in testis biopsies taken from men with different spermatogenetic disturbances (Figure 2) . In this way it should be possible to divide the patients into different categories based on their SCPl labelling pattern. In all three men with normal spermatogenesis the primary antibody distinctly stained the synaptonemal complexes of primary spermatocytes, whereas no specific staining was seen in spermatogonia, spermatids or Sertoli cells. We next analysed the SCPl labelling pattern in the patients having spermatogenetic disturbances. In the four patients with Sertoli cell-only syndrome no specific staining was visible at all. In the groups categorized as meiotic disturbances, spermiogenic (i.e. differentiation) disturbances and other, combined disturbances, all showed the same SCPl staining pattern, a pattern similar to what was seen in men with normal spermatogenesis. No staining was seen in the controls (i.e. sections stained without the primary antibody).
Discussion
The synaptonemal complex in rat and other animals has been shown to be a meiosis-specific structure essential for synapses of homologous chromosomes. SCPl is a major constituent of the transversal filament, a fibrous structure that connects the central element of the synaptonemal complex with the two lateral elements. The SCPl protein forms filamentous dimers with the two molecules having the same polarity, the C-termini being anchored in the lateral elements and the N-termini reaching into the central element, possibly acting as a molecular zipper during the meiotic pairing process (Schmekel et al, 1996; Liu et al, 1996; Yuan et al, 1996) .
In the present study we show that antibodies specific towards the mouse SCPl protein specifically identified the synaptonemal complexes in human primary spermatocytes. The characterization of this complex using immunofluorescence techniques gives a result that is very similar to what has been described earlier in other sexually reproducing eukaryotic organisms. This strongly indicates that a SCPl-related protein is conserved and present also in man.
The antibodies also identified SCPl protein in cases with meiotic disturbances. This means that the meiotic disturbances in these cases were not caused by an absence of the SCPl protein, but we cannot exclude that a non-functional SCPl protein had contributed to these disturbances. Future studies may reveal to what extent the absence or mutations in the SCPl protein contribute to meiotic disturbances in man.
